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NP-3002-US 

SPECIFICATION 

TITLE OP THE INVENTION 

METHOD OP CONTINUOUS PRODUCTION OP POLYALKYLBI PHENYLS 
BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates to a method of continuously 
producing an alkylbiphenyl useful as a functional fluid such 
as a pressure- sensitive paper solvent, heating medium and 
insulating oil . 

Description of the Related Art 

Alkylbiphenyls are used as a pressure-sensitive paper 
solvent, heating medium, insulating oil and various solvents 
and various studies have been made as to a method of producing 
them* 

There is described a method of reacting biphenyl and 
propylene in the presence of an aluminum chloride catalyst 
in the publication of Japanese Patent Application Laid-Open 
(JP-A) No. 49-80045. However, in the case of using a catalyst 
such as aluminum chloride, a water-washing and neutralizing 
step is required after the reaction, the step causing the 
generation of a large amount of waster water. Also, the 
equipment to be used must be constructed of acid-resistant 
materials . Accordingly, it is difficult to run a continuous 
reaction and produce alkylbiphenyls efficiently. 

In the publication of JP-A No. 56-156222, there is 
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described a method of alkylating biphenyl by using an olefin 
in the presence of a silica-alumina catalyst or zeolite 
catalyst. However, only a method is disclosed in which 
monoalkylbiphenyle rich in ra- and p-position substituted 
bodies is produced in a batch system and it is therefore 
difficult to produce polyalkylbiphenyls such as 
dialkylbiphenyls and trialkylbiphenyls in a large amount 
efficiently. 

In the publication of JP-ANo. 9-40588, there is a method 
of producing a p - i sopropy Ibiphenyl in a continuous f low sys tern 
comprising a step of running an isomerization reaction of 
a m-isopropylbiphenyl and biphenyl, a step of separating a 
p-isopropylbiphenyl and a circulation step of returning the 
remainder product from which the p-isopropylbiphenyl has been 
separated. However, there is no description concerning a 
method of producing polyalkylbiphenyls such as 
dialkylbiphenyls and trialkylbiphenyls by using biphenyl and 
an olefin as starting materials. 

Also, in the publication of JP-A No. 3-106833, there 
is a description of a method of producing a 
4,4' -dialkylbiphenyl continuously, the method comprising a 
step of reacting biphenyls including biphenyl and 
monoalkylbiphenyls with an olefin or the like in the presence 
of an acid catalyst, a separating step of separating only 
a 4 , 4 ' - dialkylbiphenyl and a circulation step of returning 
the remainder product from which the 4 , 4 dialkylbiphenyl 
has been separated. However, there is no disclosure of a 
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method of pr ducing dialkylbiphenyls and tr ialkylbiphenyls . 
which are the compounds intend d in the present inv ntion 
except for 4, 4 ' -dialkylbiphenyl , Also, there is a fear that 
if biphenyl having a melting point as high as 70 C C exists 
in a high concentration, it is solidified in the circulation 
step. However, these problems and a method of running a 
continuous operation stably nowhere are disclosed. Also, 
4 i 4 ' "dial Icy 1 bi phenyl has a melting point as high as 65°C, 
so that there is a fear that it precipitates as a crystal 
when cooled if it exists in a high concentration in 
dialkylbiphenyls . It is therefore preferable that the ratio 
of 4 , 4 ' -dialkylbiphenyls is small when polyalkylbiphenyls 
such as dialkylbiphenyls and trialkylbiphenyls are used for 
a pressure- sensitive paper solvent and the like. 

SUMMARY OP THE INVENTION 

It is an object of the present invention to provide a 
method of producing dialkylbiphenyls and trialkylbiphenyls 
primarily with high efficiency in a continuous flow system. 

The inventors of the present invention have made earnest 
studies to solve the above problem, leading to the completion 
of the invention » According to a first aspect of the present 
invention, there is provided a method of continuously 
producing polyalkylbiphenyls, the method comprising (1) a 
step of supplying a reaction raw material containing at least 
biphenyl and an olefin to a fixed-bed flow system reactor 
wherein the ratio of olef in/biphenyl is 0.3 to 3 <mol ratio) 
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at the inlet of the reactor and r acting the raw material 
in the presence of a solid acid catalyst to obtain a reaction 
mixture containing monoalkylbiphenyls and dialkylbiphenyls , 
(2) a step of separating a fraction containing biphenyl and 
at least a part of monoalkylbiphenyls from the above reaction 
mixture, (3) a step of circulating the fraction separated 
in the step (2) to the reactor such that the ratio by weight 
of biphenyl to monoalkylbiphenyls is made to be 0.1 or more 
and is made to be lees than the solubility of biphenyl to 
monoalkylbiphenyls at a circulation temperature and (4) a 
step of recovering polyalkylbiphenyls containing at least 
one of 3, 3-dialkylbiphenyl, 3, 4 ' -dialkylbiphenyl , 
4 , 4 ' -dialkylbiphenyl and 3 , 5 ' -dialkylbiphenyl from the 
reaction mixture through the step (2) . 

According to a second aspect of the present invention, 
there is provided a method of continuously producing 
polyalkylbiphenyls, wherein the concentration of 
dialkylbiphenyls in the fraction separated in the step (2) 
is preferably made to be 15% by mass or less. 

According to a third aspect of the present invention, 
there is provided a method of continuously producing 
polyalkylbiphenyls, wherein the amount of dialkylbiphenyls 
in the fraction separated in the step (2) is preferably made 
to be 30% by mass or less of the amount of dialkylbiphenyls 
generated in the step (1) . 

BRIEF DESCRIPTION OF THE DRAWING 
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Pig. 1 ia a view showing one embodiment of a method 
according to the present invention. 

DESCRIPTION OP THE PREFERRED EMBODIMENT 

The details of each step will be explained hereinbelow. 
<Step (1) : reaction step> 

In this step, biphenyl and an olefin are supplied as 
major raw materials to a fixed-bed flow system reactor filled 
with a solid acid catalyst to produce polyalkylbiphenyls 
primarily containing dialkylbiphenyls , trialkylbiphenyls 
and the like continuously through the alkylation of the 
biphenyl and the trans -alkylation and isomerization of the 
alkylbiphenyl . 

Typical examples of dialkylbiphenyls include 
3,3' -dialkylbiphenyl , 3 , 4 -dialkylbiphenyl , 
4 , 4 ' -dialkylbiphenyl and 3 , 5 -dialkylbiphenyl . However, 
4 , 4 ' -dialkylbiphenyl has a high-melting point therefore 
there is a fear that it precipitates as a crystal when cooled. 
Also, a dialkylbiphenyl having an o-position substituent has 
a low-boiling point. Therefore, the inclusion of 
4 , 4 ' -dialkylbiphenyl or dialkylbiphenyls having an 
o-position substituent is undesirable when using 
dialkylbiphenyls or trialkylbiphenyls as a 
pressure - sensitive paper solvent. 

As the solid acid catalyst, any material which can be 
used in a fixed-bed flow reaction system may be used without 
any particular limitation, andactivated clay, silica alumina. 
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zeolite, solid phosphoric acid, ion exchange resins and the 
like may be used. Among these catalyst materials, silica 
alumina is particularly preferable from the viewpoint of 
decreasing the production of 4 , 4 ' -dialkylbiphenyl and 
dialkylbiphenyls having an o-position substituent, 
producing 3 , 3 dialkylbiphenyl , 3 , 4 ' -dialkylbiphenyl and 
3, 5 -dialkylbiphenyl primarily, having high catalyst 
activity and a long catalyst life, decreasing the generation 
of byproducts andbeing relatively inexpensive catalyst coat . 

As theolefin, though any olefin can beused, thosehaving 
2 to 6 carbon atoms are preferable. Specific examples of 
the olefin include ethylene, propylene, 1-butene, 2-butene, 
isobutene, 1 -pentene, 2 -pentene, 3 -methyl - 1 -butene, 
2 - me thy 1 -1-butene, 2- methyl -2-butene, 1- hexene , 2 - hexene , 
3 -hexene, 2 -methyl - 1 -pentene, 4 -methyl - 1 -pen ten e , 

2 - methyl -2 -pentene, 4 -methyl -2 -pentene, 

3 - methyl - 1 -pentene , 3 -methyl - 2 -pentene , 

2, 3- dimethyl -1-butene, 3, 3 -dimethyl -1-butene, 
2 , 3 -dimethyl -2 -butene and 2 - ethyl - 1 -butene . Among these 
compounds, propylene, 1-butene, 2-butene and isobutene are 
particularly preferable. Plural olefins may be used in 
combinations . 

in this step, besides the biphenyl and the olefin, 
low-boiling point fractions recovered in a separation step 
which will be explained later, that is, biphenyl, 
monoalkylbiphenyls , dialkylbiphenyls having an o -position 
substituent and the like are utilized as reaction raw 
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materials . 

Reaction temperature is preferably 100 to 300°C and in 
the case of intending to primarily produce dialkylbiphenyls 
excluding a 4 , 4 ' -dialkylbiphenyl, a temperature range from 
160°C to 270°C is preferable, when the temperature is less 
than 100°C. the alkylation proceeds unsatisfactorily, 
whereas when the temperature exceeds 300°C, 
decomposition/coloration, a reduction in yield, life 
shortening of the catalyst and the like are caused. Therefore, 
the temperature out of the above defined range is undesirable . 
When, particularly, the temperature is 160 to 270°c, the 
obtained composition becomes to be close to its thermodynamic 
equilibrium composition. Therefore, the production of 
dialkylbiphenyls having an o-position substituent and 
4,4' -dialkylbiphenyl is suppressed and 3 , 3 ' -dialkylbiphenyl, 
3 , 4 ' -dialkylbiphenyl and 3 , 5 -dialkylbiphenyl are mainly 
obtained. 

Reaction pressure is preferably normal pressure to 5 . 0 
MPa in view of production efficiency though any pressure can 
be used. Liquid apace velocity (LHSV) is preferably 0 . 1 hr~ x 
to 3.0 hr" x and more preferably 0.3 hr~ l to 1.5 hr' 1 . the 
LHSV range exceeding 3.0 hr' 1 is undesirable because the 
production amount of dialkylbiphenyls having an o- position 
substituent is increased. 

The mol ratio of olef in/biphenyl at the inlet of the 
reactor is preferably 0,3 to 3 and more preferably 0.5 to 
1,5, when the mol ratio is less than 0,3, biphenyl cannot 
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be circulated in a circulation etep which will b explained 
later* In order to circulate biphenyl which is a solid at 
an ambient temperature, it is necessary to circulate enough 
amount of xnonoalkybiphenyls in which biphenyl is to be 
dissolved in such a way that the ration of biphenyl to 
monoalkylbiphenyla in circulation is less than the solubility 
of it to them. When the ratio. of the olefin to biphenyl is 
email, a required amount of monoalkybiphenyls cannot be 
secured. Also, when the mol ratio of olef in/biphenyl exceeds 
3 , the amount of trialkylbiphenyls to be produced is increased, 
but, on the other hand, the amount of heavy byproducts and 
light byproducts such as olefin oligomers is increased, 
consequently production efficiency is decreased and 
deterioration in the activity of the catalyst is accelerated. 
Therefore, a ratio out of the above defined range is 
undesirable . Also, when the ratio of the olefin to the 
biphenyl is within the above range, the olefin supplied is 
consumed by the reaction. On the other hand, when the ratio 
exceeds the above range, it is necessary to discharge an 
unreacted olefin from the reactor. In this case, it is 
necessary to install a vapor- liquid separator and the like 
in the separation step, which is undesirable from the 
viewpoint of the production cost of equipment » 

In this step, a reaction mixture containing light 
byproducts comprising an olefin oligomer, unreacted biphenyl , 
biphenyl produced resulting from the trans^alkylation or 
isomerization of the alkylbiphenyl , a monoalkylbiphenyl , 
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dialkylbiph nyl anda trialkylbiphenyl which are major target 
products and besides, heavy products such as a 
tetraalkylbiphenyl is obtained. As dialkylbiphenyls, 
3, 3' -dialkylbiphenyl, 3, 4 -dialkylbiphenyl, 
4,4' -dialkylbiphenyl and 3 , 5 - dialkylbiphenyl are included 
and in addition, dialkylbiphenyls having an o-position 
subetituent and the like are also included. As 
trialkylbiphenyl s, a 3 , 5 , 3 ' - trialkylbiphenyl and 
3, 5, 4' -trialkylbiphenyl are included. 
<Step (2) ; separation step> 

In this step, a fraction containing biphenyl and 
monoalkylbiphenyls, and a fraction 

containingdialkylbiphenyls and trialkylbiphenyls which are 
main target products as polyalkylbiphenyls are separated 
respectively by distillation from the reaction mixture 
obtained in the reaction step to recover each fraction. 
Light byproducts and heavy byproducts are separated and 
removed, if necessary. Among dialkylbiphenyls , those having 
an o-position substituent are recovered together with the 
biphenyl and monoalkylbiphenyls because their boiling points 
are close to that of p -monoalkylbiphenyls . 

In this step, there is no particular limitation to a 
distillation method and the number of distillation towers 
insofar as biphenyl including unreaeted biphenyl and 
monoalkylbiphenyls are separated simultaneously and the 
decomposition of polyalkylbiphenyls such as 
dialkylbiphenyls and trialkylbiphenyls does not proceed. As 
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shown in Pig. 1, for example, biphenyl, mon alkylbiphenyls 
and light byproducts can be recovered from the top of a 
distillation tower (4) and dialkylbiphenyls , 
trialkylbiphenyls and heavy products can be recovered from 
the bottom of the distillation tower (4) through a line 6. 
Alternatively, biphenyl, monoalkylbiphenyls and light 
byproducts may be recovered from the top of the distillation 
tower (4), dialkylbiphenyls and trialkylbiphenyls may be 
recovered from a middle position of the distillation tower 
(4) and heavy byproducts may be recovered from the bottom 
of the distillation tower (4), Also, a method may be adopted 
in which light byproducts are recovered from the top of the 
distillation tower (4) , biphenyl and monoalkylbiphenyls are 
recovered from the middle position of the distillation tower 
(4) and dialkylbiphenyls , trialkylbiphenyls and heavy 
byproducts are recovered from the bottom of the distillation 
tower (4) « Also, a part of monoalkylbiphenyls may be 
recovered together with or separately from a dialkyklbiphenyl 
and trialkylbiphenyls as a product. 

Although distillation temperature and pressure are 
properly selected according to a distillation method/ the 
operation is generally carried out at a temperature ranging 
from 100 to 300°C under a pressure ranging from 2 to 7 00 
kPa. When a large amount of light byproducts is obtained, 
another distillation tower may be provided just after the 
reaction step to remove these by products. However, under 
the reaction condition that these light byproducts are not 
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aim st produced, auch a distillation tower is n t necessarily 
needed . 

There is the case where dialkylbiphenyls gets. mixed in 
the fraction containing biphenyl and monoalkylbiphenyls to 
be separated depending on distillation conditions. 
Dialkylbiphenyls to be mixed includes a small amount of 
high-boiling point 4, 4 ' -dialkylbiphenyls and mainly those 
having lower boiling points than 4 , 4 ' -dialkylbiphenyls . In 
the case where a part of dialkylbiphenyls are separated 
together with biphenyl and monoalkylbiphenyls and circulated 
to the reactor in a circulation step which will be explained 
later, the yield of dialkylbiphenyls decreases and the amount 
of 4 , 4 ' -dialkylbiphenyls contained in the product increases . 
In the case of intending to primarily produce dialkylbiphenyls 
excluding 4, 4 • -dialkylbiphenyls, the content of 
dialkylbiphenyls in the fraction containing biphenyl and 
monoalkylbiphenyls to be separated in the step (2) is made 
to be preferably 15% by mass or less and more preferably 10% 
by mass or less. Also, the amount of dialkylbiphenyls 
contained in the fraction containing biphenyl and 
monoalkylbiphenyls to be separated in the step (2) is made 
to be preferably 30% by mass or less and more preferably 20% 
by mass or less based on the amount of dialkylbiphenyls 
produced in the reaction step (1) . 
<Step (3) : circulation step> 

In this step, the fraction containing biphenyl and 
monoalkylbiphenyls separated in the separation step (2) is 
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circulated to the reactor. 

The amount of biphenyl in the fraction circulated in 
this step is designed such that the ratio by weight of 
biphenyl/monoalkylbiphenyle is 0.1 or more and is less than 
the solubility of biphenyl to monoalkylbiphenyls at the 
temperature of the circulation flow, when such fraction is 
separated in the separation step (2), it can be circulated 
without adjustments in this step, when monoalkylbiphenyls 
are not present in an amount enough to be able to dissolve 
at the point of the lowest temperature in the circulation 
line , there is a fear that biphenyl crystallizes out at that 
point, so that it cannot be circulated. Also, when the 
excessive ratio of biphenyl to monoalkylbiphenyls is 
undesirable because of decreased productivity. 

Though as aforementioned, die-lkylbiphenyls having an 
o-eubstituent are recovered together with biphenyl and 
monoalkylbiphenyls simultaneously , those are circulated to 
the reactor and then can be isomerized and converted into 
the target product. In the case that dialkylbiphenyls and 
the like are included in the circulated fraction, even if 
the amount of biphenyl in that fraction is more than the 
solubility of biphenyl to monoalkylbiphenyls, biphenyl may 
not precipitate. However, it is preferable that the amount 
of biphenyl in the circulated fraction is controlled so as 
to be less than the solubility of biphenyl to 
monoalkylbiphenyls , in order to perform the circulation step 
safety and stably. 
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The ab ve ratio limitations in circulation may be easily 
achieved by controlling the reaction conditions at the 
reaction etep (1) and the distillation conditions at the 
separation step (2) . 

In the meantime, it is undesirable tomake the separated 
byproducts heavier than the target product circulate 
circulated together in the circulation step because it causes 
a reduction in catalyst life and productivity at the same 
time . 

It is to be noted that according to the production method 
of the present invention, it is unnecessary to use any other 
solvents in order to circulate biphenyl at a steady state 
of operation step; however, solvents may be used at the start 
of the operation. As the solvent thus used, 
polyalkylbenzenes having a plurality of alkyl groups are 
preferable. Among these polyalkylbenzenes, those provided 
with an alkyl group having 1 to 3 carbon atoms are preferable 
and those provided with an alkyl group having 1 to 2 carbon 
atoms are more preferable. Particularly preferable and 
specific examples include xylene, trimethylbenzene, 
diethylbenzene and triethylbenzene . Monoalkylbiphenyls 
may also be used as a solvent for filling the equipment at 
start to prevent supplied biphenyl from crystallizing. 
Alicyclic hydrocarbons such as cyclohexane may also be used. 
These solvents may be used by mixture, even in the case of 
using a solvent at the start of the operation, as the operation 
becomes closer to the steady state, the solvent is gradually 
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eliminated from the system due to. f r example, the loss of 
the solvent in the aforementioned separation step and at last 
there is in usual no solvent existing in the system. The 
operation may be however run without any problem in such a 
state as some solvent are present in the system. 
<Step (4) : Recovery step> 

This is a step of recovering polyalkylbiphenyls 
containing at least one of 3, 3 ' -dialkylbiphenyls, 
3, 4 • -dialkylbiphenyls, 4 , 4 ' -dialkylbiphenyls and 
3 , 5 -dialkylbiphenyls from the reaction mixture from which 
the fraction containing at least a part of biphenyl and 
monoalkylbiphenyl8 has been separated in the separation step 
(2} . This recovery may be made by distillation. This step 
may be carried out simultaneously with the separation step 
(2) or separately after the separation step (2) , 

The resulting polyalkylbiphenyls may be refined by 
distillation into a desired composition. Also, 
dialkylbiphenyls or trialkylbiphenyls canbemainly isolated 
as a single component. When monoalkylbiphenyls are 
contained, they may be isolated. Moreover, it is possible 
to separate only a specific isomer. Polyalkylbiphenyls 
obtained as a product in this manner are used in applications 
such as a pressure -sensitive paper solvent, heating medium, 
insulating oil and various kinds of solvents. In the case 
of applications having the possibility of being stored at 
lower temperatures, the content of 4 , 4 9 -dialkylbiphenyls 
which have a higher melting point and tend to crystallize 
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out at low temp ratures is preferably small. 

According to th present invention, biphenyl and an 
olefin are used as starting materials and a fraction 
containing biphenyl and monoalkylbiphenyls is separated from 
the reaction mixture and used as a reaction raw material 
through circulation step, whereby polyalkylenebiphenyls 
such as dialkylbiphenyls and trialkylbiphenyls can be 
efficiently produced in a high yield. The fraction 
containing biphenyl and monoalkylbiphenyls separated from 
the reaction mixture is circulated to a reaction step (2) 
under the condition that biphenyl is dissolved in 
monoalkylbiphenyls and dose not crystallise out at any point 
in the circulation. This ensures that it is unnecessary 
to use any other solvent for solving biphenyl and it is also 
unnecessary to provide the whole circulation line with heat 
insulation arrangement, making it possible to simplify 
production equipment and to decrease production costs. It 
is thus possible to provide a very efficient method for 
producing polyalkylbiphenyls . 

Examples 
Example 1 

(Continuous production) 

An operation was carried out using the equipment shown 
in Fig. 1. A fixed bed continuous flow type cylindrical 
reactor 2 having a diameter of 8 mm and a height of 260 mm 
was filled with 7 g of a silica alumina catalyst. Biphenyl 
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and propylene were supplied continuously to the reactor 2 
through a raw material supply line 1. The reaction mixture 
was fed continuously to a distillation tower 4 through a 
transfer line 3. Biphenyl, monoalkylbiphenyls and the like 
were recovered from the tower top and returned to the reactor 
2 through a circulation line 5 and also a target product was 
recovered from the tower bottom through a recovery line 6. 
At the start of the reaction, monoieopropylbiphenyls 
weref illed in the system in advance to prevent biphenyl from 
being solidified until the system was stabilized. 

In the reactor 2, the following reaction condition was 
adopted: reaction temperature : 220°C, reaction pressure : 0.9 
MPa, propylene/biphenyl (mol ratio) at the inlet of the 
reactor: 0.6 and liguid flow velocity lhsv « 1.0. The results 
of the analysis of the liquid composition at the inlet and 
outlet of the reactor are shown in Table 1. 



[Table 1] 





Reactor inlet 


Reactor outlet 


Light content 


2,0% 


1.9% 


Biphenyl 


40,3% 


26.6% 


Monoisopropylbiphenyl 


48.9% 


44.5% 


Light diisopropylbiphenyl 


2.3% 


2.4% 


Target diisopropylbiphenyl 


6.3% 


_ _______ 

20,6% 


Triisopropylbiphenyl 


0.0% 


3.0% 


Heavy content 


0.0% 


1.2% 
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The ratio of isomers in monoiaopropylbiphenyls 
contained in the reaction mixture at the outlet of the reactor 
are shown in Table 2 . 



[Table 2] 





Ratio of isomers in 
monoisopropylbiphenyl 


Ortho-monoisop ropy lbiphenyl 


1.6% 


Metha -monoisopropylbiphenyl 


61.6% 


Para-monoisopropylbiphenyl 


36.8% 



The condition of the distillation tower 4 were as 
follows: number of theoretical stages : 80, pressure: 150mmHg 
(20 kPa) , tower top temperature: 210°C and tower bottom 
temperature: 270°C, A fraction containing biphenyl and 
monoisopropylbiphenyl (tower top recovery solution) was 
recovered from the tower top and a fraction containing 
diisopropy lbiphenyl, triisopropy lbiphenyl and a heavy 
content (tower bottom recovery solution) was recovered from 
the tower bottom. The results of the analysis of each fraction 
(recovery solution) are shown in Table 3. 
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[Table 3] 





Tower ton 


luwcr uoiLom 




recovery solution 


recoverv eolutinn 


Recovery rate 


61% 


19% 


Light content 


2.7% 




Biphenyl 


35.7% 


0 0% 


Monoisopropylbiphenyl 


51.7% 


O0% 


Light diisopropylbiphenyl 


2.3% 


0.1% 


Target diisopropylbiphenyl 


5.3% 


84.9% 


(4 l 4 > -dii60propyIbiphenyl) 


(0,0%) 


(14.1%) 


Triieopropylbiphenyl 


0.0% 


11.5% 


Heavy content 


0.0% 


3.6% 



The ratio by weight of biphenyl/monoisopropylbiphenyl 
in the fraction recovery from the tower top was 0.69 and the 
precipitation of crystals in the circulation line was not 
eeen. The liquid temperature in the circulation line was 
35°c. Also, the content of diisopropylbiphenyl in the 
fraction recovery from the tower top was 7.6% by mass and 
this amount was 27,6% by mass of the amount of 

diisopropylbiphenyl measured at the inlet of the reactor. 

As a result, the amount of 4 , 4 ' -diisopropylbiphenyl in 

diisopropylbiphenyl contained in the fraction recovery from 

the tower bottom was 14,1% by mass. 

The f ractionrecovery from the tower bottom was distilled 

and separated into diisopropylbiphenyl, 
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triisopropylbiphenyl and h avy byproducts. 

As the result of this series of operations, 3670 g of 
diisopropylbiphenyl, 200 g of triisopropylbiphenyl and 200 
g of the heavy product were obtained from 1560 g of propylene 
and 2600 g of biphenyl. Diisopropylbiphenyl and 
triisopropylbiphenyl were obtained at a yield as high as 93% . 
In the resulting diisopropylbiphenyl, the amount of 
3 , 3 ' -diisopropylbiphenyl was 26.9% by mass, the amount of 
3, 4 ' -diisopropylbiphenyl was 42,4% by mass, the amount of 
4 , 4 ' -diisopropylbiphenyl was 14.6% by mass and the amount 
of 3 < 5 - diisopropylbiphenyl was 4.8% by mass. 
(Confirmation of the solubility of biphenyl in 
raonoi sopropylbiphenyl ) 

In order to confirm the condition of the precipitation 
of biphenyl crystals in the circulation line, the solubility 
of biphenyl to monoi sopropylbiphenyl was measured. The 
results are shown in Table 4 . This results shows that biphenyl 
crystals can not precipitate in the above circulation line 
kept at 3 5°C because of much amount of monoisopropylbiphenyl . 
However, if the amount of monoisopropylbiphenyl becomes small, 
the possibility that biphenyl will precipitate will increase. 
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[Table 4] 



Temperature 


Biphenyl/monoisopropylbiphenyl 


ICC 


0.35 


28*0 


0.58 


35°C 


0.89 


50'C 


1.99 



(Confirmation of precipitation of 4,4' -diisopropylbiphenyl 
crystals) 

Solutions each containing 4,4' - diisopropylbiphenyl in 
ratios of 15% by mass and 30% by mass in diisopropylbiphenyl 
were respectively prepared in an amount of 50 g. Bach solution 
was cooled to -10°C. As a result, a large amount of 
4 , 4 ' -diisopropylbiphenyl precipitated in the case of the 
solution containing 3 0% by mass of 4,4' - diisopropylbiphenyl 
and no precipitation of crystals was observed in the case 
of the solution containing 15% by mass of 
4 , 4 ' -diisopropylbiphenyl - Therefore, as mentioned above, 
in the case where the content of diisopropylbiphenyl contained 
in the solution recovery from the tower top of the distillation 
tower is 7.6% by mass and this amount is 27.6% by mass of 
the amount of diisopropylbiphenyl measured at the outlet of 
the reactor, with the result that the amount of 
4 , 4 diisopropylbiphenyl in diisopropylbiphenyl as a 
product is 14.1% by mass, there is no particular problem as 
to the low- temperature characteristics of the product. 
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However, if the amount of diisopropylbiphenyl contain d in 
the solution recovery from the tower top of the distillation 
tower becomes increase and the amount of 
4, 4 ' -diisopropylbiphenyl in diisopropylbiphenyl as a 
product becomes increase, the low- temperature 
characteristics will deteriorate. 

Comparative Example 1 

The same procedures as in Example 1 were carried out 
except that the mol ratio of propyl ene/biphenyl at the inlet 
of the reactor was changed to 0.15. However, as 
monoisopropylbiphenyl filled in the system before the start 
of the reaotion was reacted with propylene and discharged 
out of the system, the concentration of biphenyl in the 
circulation line increased and the solution in the circulation 
line coagulated, so that the reaction could not be continued. 
The content in the circulation line was taken out and heated 
to melt the coagulated content, which was then analysed, to 
find that the concentration of biphenyl was 55% by mass 
(biphenyl /monoisopropylbiphenyl - 1.29) . 
Example 2 

The same procedures as in Example 1 were carried out except 
that the operation temperature of the distillation tower was 
changed such that the temperature of the tower top was 195°C 
and the temperature of the tower bottom was 265°C. The value 
of analysis of each solution recovery from the tower top and 
the tower bottom is shown in Table 5. The results shows that 
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the larger amount f diieopropylbiphenyl is circulated, the 
higher becomes the concentration of 

4,4' -diieopropylbiphenyl in diieopropylbiphenyl in the 
recovery line and the larger amount of heavy components is 
produced due to increase of the concentration of 
diieopropylbiphenyl in the reactor. 



[Table 5] 





Tower top 


Tower bottom 




recovery solution 


recovery solution 


Recovery rate 


85% 


15% 


Light content 


5.1% 


0.0% 


Biphenyl 


33.8% 


0.0% 


Monoieopropylbiphenyl 


45.1% 


0.0% 


Light diieopropylbiphenyl 


4.9% 


0.1% 


Target diieopropylbiphenyl 


11.1% 


57.4% 


(4,4'*diieopropylbiphenyl) 


(0.8%) 


(24,2%) 


Triisopropylbiphenyl 


0.0% 


29.7% 


Heavy content 


0.0% 


12.8% 



Comparative Example 2 

The same procedures as in Example 1 were carried out 
except that the mol ratio of propylene/biphenyl at the inlet 
of the reactor was changed to 4. The results of analysis 
of each liquid composition at the inlet and outlet of the 
reactor 72 hours after the reaction was started are shown 
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in Table 6, A larger amount of heavy constituents wer 
produced, showing that the rawmaterial couldbe inefficiently 
converted into diiaopropylbiphenyls . Also, a large amount 
of propylene oligomers were produced&nd a reduction in 
catalyst life was observed. Moreover, a lot of propylene 
was unreacted and it was therefore necessary to install a 
vapor-liquid separator in the upstream side of the 
distillation tower . 



tTable 6] 





Tower top 


Tower bottom 




recovery solution 


recovery solution 


Recovery rate 


17% 


83% 


Light content 


16,9% 


0.0% 


Biphenyl 


15.8% 


0.0% 


Monoisopropylbiphenyl 


44.8% 


0.0% 


Light diisopropylbiphenyl 


8,4% 


0.0% 


Target diisopropylbiphenyl 


14.1% 


33.9% 


(4,4''diisopropylbiphenyl) 


(0.0%) 


(6.5%) 


Triisopropylbiphenyl 


0.0% 


44.6% 


Heavy content 


0.0% 


21.5% 
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